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ABSTRACT 


Data obtained from photographs of lightning are presented on the tortuosity of return 
stroke channels. The data were obtained by making piecewise linear fits to the channels, and 
recording the cartesian coordinates of the ends of each linear segment. The mean change 
between ends of the segments was nearly zero in the horizontal direction and was about 8 
meters in the vertical direction. Histograms of these changes are presented. 

These data have been used to create model lightning channels and to predict the electric 
fields radiated during return strokes. This was done using a computer generated random walk 
in which linear segments are placed end-to-end to form a piecewise linear representation of 
the channel. The computer selects random numbers for the ends of the segments assuming a 
normal distribution with the measured statistics. Once the channels have been simulated, the 
electric fields radiated during a return stroke are predicted using a transmission line model on 
each segment. It is found that realistic channels are obtained with this procedure, but only 
if the model includes two scales of tortuosity: fine scale irregularities corresponding to the 
local channel tortuosity which are superimposed on large scale horizontal drifts. The two 
scales of tortuosity are also necessary to obtain agreement between the electric fields computed 
mathematically from the simulated channels and the electric fields radiated from real return 
strokes. Without large scale drifts the computed electric fields do not have the undulations 
characteristic of the data. 
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TORTUOSITY OF LIGHTNING RETURN STROKE CHANNELS 


I. INTRODUCTION 

Most of the recent attempts to model lightning return strokes have been based on what 
is called in the literature on lightning a “transmission line” model, This model was initially 
proposed by Dennis and Pierce (1964) to satisfy requirements for conservation of charge and 
was later extensively developed for application to return strokes by Uman and colleagues 
(Uman et al,, 1973; Uman and McLain, 1969; McLain and Uman, 1971). The model repre- 
sents the return stroke by a pulse of current propagating at constant velocity along a straight, 
usually vertical, path. However, it is clear, even to the casual observer, that the channels of 
lightning return strokes are highly irregular paths. It has been shown that including the 
channel geometry in models of the return stroke can noticeably affect predictions for the 
radiated electromagnetic fields. This was pointed out by R. D. Hill (1968, 1969) for VLF 
radiation and at higher frequencies by Le Vine and Meneghini (1978a, b). Recently, Le Vine 
and Gessd (1984) showed the importance of channel tortuosity on the output of AM radio 
receiver tuned to radio frequencies between 3 and 300 MHz. The effect of channel tortuosity 
is to add to the smooth electromagnetic field waveforms predicted by the transmission line 
model, the irregular variations characteristic of measurements (Le Vine and Meneghini, 1978a; 
Tiller et al., 1976; Weidman and Krider, 1978; Lin et ah, 1979). Ribner and Roy (1981) 
also found that including channel tortuosity was important in properly predicting thunder 
from model channels. 

The purpose of this paper is to present data on the tortuosity of return stroke channels, 
and then to show that this data can be used to simulate realistic lightning channels and that 
these channels lead to predictions for the electromagnetic fields radiated during return strokes 
which are consistent with observation. The data were obtained from photographs of lightning 
return strokes by fitting the channels with small linear segments (e.g. making a piecewise linear 
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fit) and recording the cartesian coordinates of the segment’s end points. Histograms of the 
change in coordinates between end points will be presented in tiie section to follow. The 
histograms are suggestive of a normal distribution, and the data yield mean changes in the 
horizontal direction of close to zero meters and in the vertical direction of about 8 meters 
with a standard deviation of 5.6 and 6,1 meters, respectively. Following a procedure originally 
demonstrated by Le Vine and Meneghini (1978a) this data can be used to obtain computer 
simulations of the channels. In this procedure the computer creates a model channel by 
placing linear segments end-to-end in a random walk. The procedure is suggestive of the 
manner in which return stroke channels are created in real lightning by the stepped leader. It 
will be shown that using the data obtained from the photographs, leads to realistic lightning 
channels. However, it is concluded that a random walk with two probability distributions is 
required to obtain realistic looking channels. The two distributions give the channel large 
scale drifts upon which small scale fluctuations are superimposed. The piecewise linear simu- 
lation has also been used to calculate the electromagnetic fields radiated during a return stroke. 
To do so, each linear segment is treated as a small transmission line model (i.e. a current pulse 
is assumed to propagate along the segment at constant velocity); however, unlike conventional 
transmission line models, with the piecewise linear representation of the channel the parameters 
of the model can change from segment to segment. In the final section of this paper 
examples are presented of the electric fields predicted with the model channels. It is shown 
that the large scale fluctuations add undulations to the predicted electric fields which are 
characteristic of electric fields radiated from real return strokes. 
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II. DATA 


The data base for this study is a collection of photographs of lightning return strokes copied 
from the archives at the University of New Mexico Institute of Mining and Technology in Socorro, 
New Mexico. About 25 photographs were selected from this collection, most of them streak camera 
photographs of return stroke channels. From this set 8 were selected for analysis. The selection was 
based on channel length and optical quality of the image. It was desired to obtain long channels with 
a minimum of exposure so that high spatial resolution could be obtained. The eight channels were 
isolated from the remainder of the photograph by removing branches or nearby subsequent return 
strokes. These channels, labelled A-H are shown in Figures 1-4. (The crosses are a grid superim- 
posed on the photographs as a reference.) The original photographs from which these channels were 
selected are shown in Appendix A. Prior to analysis, each channel was enlarged so that it was 41 " 

long. Then the enlargement was divided into 6 sections for convenience in the analysis. Figure 5 
shows (on the right) the upper most section of the enlargement for channel C. 

The analysis consisted of making a piecewise linear fit to the channel and recording the coor- 
dinates of the junctions where the segments met. This was done by hand by first placing a coor- 
dinate grid (e.g, the cartesian grid of graph paper) over the channel to establish a coordinate 
reference, and then following the channel with a straight edge until the straight line deviated from 
the channel by half the optical width of the channel. The X-coordinate (horizontal) and Z-coordinate 
(vertical) of this point were recorded. Then the straight edge was reoriented to again follow the 
channel. On the left in Figure 5 are shown the junction points and piecewise linear fit for the section 
of channel C shown on the right. The data obtained in this manner consisted of pairs of points (X,Z) 
identifying the junctions. However, only the changes between points are characteristic of the channel 
(the reference is arbitrary) and so the data were recorded as pairs (AX, AZ) of the change in coor- 
dinates in going from one junction point to the next. A complete listing of these data for the 8 chan- 
nels is given in Appendix B. 
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To give an idea of the statistical nature of AX and AZ, histograms were prepared to show their 
relative frequency of occurrence, Histograms for the composite data set are given in Figures 6-7 and 
histograms for each individual channel are presented in Appendix C, In the histograms the units on 
the absicissa are arbitrary units chosen to equal the spacing between the lines on the grid used to 
measure the coordinates of the ends of the linear segments, (This grid was the same for all chan- 
nels,) This distance can be converted to meters if the channel length, L, in meters and the number, 

N, of grid lines per inch is known, Thus, knowing that each photograph was 41 inches long, one 
obtains the scale factor: L/41N = distance in meters between grid lines. Although L is not known 
for these data, an estimate can be made by assuming that in each photograph the entire channel be- 
tween cloud base and ground is shown. Assuming that the cloud base near Soccoro, New Mexico to 
be about 1.5 km one obtains (N = 20 lines per inch) a value of about 2.0 meters for the width of 
the cells in the histogram. This is also the order of magnitude of the optical width of the channel in 
each photograph. Using this scale factor it is seen from Figure 7 that the greatest horizontal change 
for any segment was on the order of 20 meters and that the channel had a slight tendency to drift to 
left (negative). The mean change in horizontal position from segment to segment for the composite 
data set was about -0.26 meters. On the other hand, the vertical changes for this channel (Figure 6) 
were predominately positive and an average 8.46 meters long. The largest change was about 36 
meters (positive - up) and there were a few cases where the channel appeared to reverse direction 
(AZ < 0). Table I lists the mean and standard deviation of AX and AZ for each channel and also for 
the composite data set. The data is given in arbitrary units. For the composite data set <AZ> = 4.23 
units, <AX> =-0.13 units and a z = 3.04 and a x = 2.82 units. Notice that the histograms for the 
horizontal displacement AX of each segment are suggestive of a normal distribution. A plot of the 
cumulative distribution on probability paper also supports this suggestion; consequently, some 
preliminary statistical tests for normal distributions were made. However the results were mixed and 
generally the hypothesis of a normal distribution is not accepted at high confidence levels. Several 
tests were also made for statistical independence of the AX and AZ. These indicated very strongly 
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that the horizontal variations AX and vertical variations AZ were uncorrelated. However, the 
autocorrelation of the horizontal and vertical variations themselves is not zero. Values of the correla 
tion coefficient for the channels are given in Table I. 


Table 1 


Channel Statistics 

Autocorrelation Number of 


Channel 

< AZ> 

a z 

<AX> 

a x 

AX 

AZ 

Segments 

A 

3.36 

2.28 

-0.10 

2.26 

— 

— 

204 

B 

4.33 

2.93 

-0.42 

2.64 

— 

— 

179 

C 

4.06 

3.13 

-0.70 

2.95 

.49 

.13 

244 

D 

4.65 

2.87 

1.05 

2.70 

.48 

.17 

215 

E 

3.99 

3.57 

-1.74 

3.05 

.36 

.38 

252 

F 

4.77 

3.14 

-1.39 

2.76 

.35 

.13 

209 

G 

4.84 

3.12 

1.19 

3.08 

.45 

.22 

206 

H 

3.87 

3.11 

1.09 

3.03 

.48 

.18 

259 

Average 

4.23 

3.04 

-0.13 

2.82 

.44 

.20 

221 
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III. CHANNEL MODELLING 

As described by Le Vine and Mcneghini (1978a, b), a computer generated representation for the 
channel can be obtained by placing linear segments end-to-end in a random walk. assuming that 
during a return stroke a current pulse propagates at constant velocity along each segmenL this model 
is what is called in the literature on lightning a transmission line model; however, in this case with the 
flexibility to include channel geometry and changes in velocity of propagation or other parameters 
as the current advances from segment to segment along the channel. 

In order to implement this model it is convenient to let the computer select the changes (AX, 
AY, AZ) of the cartesian coordinates that occur in going from one segment to the next. This 
is conveniently accomplished by having the computer select numbers at random from a col- 
lection with a prescribed probability distribution. The analysis described in the previous section 
suggests f hat as an initial hypothesis one assume that the AX, AY, AZ are normally distributed, in- 
dependent, random variables. The normal distribution is a convenient distribution which is com- 
monly encountered in nature in situations involving large numbers of independent trails, and so 
seems reasonable as a beginning assumption. The justification will be in the amount of agreement 
the model obtains with real lightning channels. 

Figure 8 shows several channels generated using the piecewise linear model assuming normally 
distributed AX, AY, and AZ assuming <AX> = <AY> - 0 and <AZ> = 8m and letting o z 
= 6m which are values obtained from the data for the eight channels (Table I). In Figure 8C the 
standard deviation of the horizontal coordinates AX and AY are also a x = a y = 6m and in Figure 
8D the standard deviation is somewhat lower a x = a y = 4m. Otherwise the two sets of channels in 
Figures 8C and 8D are generated from the same distribution and have the same mean horizontal 
displacement (AX and AY) and vertical displacement (AZ). In each case about 300 segments were 
used to generate the channel (220 was typical of the data). Notice that the channels with horizontal 
displacements with the larger standard deviation (Row C) show a greater degree of small scale wig- 
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gliness (tortuosity), However, if AZ were not the same for these two sets of channels, the tortuosity 
would not necessarily appear to be greater to the eye. This is true because the angle a segment makes 
with the vertical depends on both AZ and VAX 2 + AY 2 , In general it proved difficult to obtain a 
quantitative measure of tortuosity which agreed wi'h the visual impression; however, the following 
parameter proved useful in the studies: T = a x /< AZ>, This parameter was adopted a priori, but it 
does have some justification. In particular, in one dimension o x is the mean-square length of the 
horizontal displacements (because <AX> = 0), and so T is the ratio of the mean horizontal length 
in one dimension to the mean vertical length of each segment. Consequently T is an indication of the 
angle that the segment makes with the vertical, It is dimensionless and therefore also is independent 
of the scale. As a result channels with long or short segments and the same T will appear to have 
roughly the same wiggliness. This parameter was about 0.44 for the real lightning channels. It is 
0.50 for the channels in Figure 8D and is 0.75 for the channels in Figure 8C. 

Five of the real lightning channels (D - F) are also displayed in Figure 8 (Row B). Notice that 
the real lightning channels not only have small scale tortuosity as in the simulated channels but also 
exhibit a drift to the right or left which changes direction as one moves up the channel. The real 
channels behave as if the horizontal displacement locally has a mean value which is different in dif- 
ferent portions of the channel. The simulated channels, in contrast, are very nearly vertical with 
very little evidence of horizontal drifts, as indeed one would expect with the assumption < AX> = 

< AZ> = 0. 

In a channel with a tendency for variations of a small scale to be superimposed on a structure of 
a larger scale, there will be a corresponding tendency for a number of consecutive changes (e.g. AX 
or AY) to be close in value. This will manifest itself as a high degree of correlation between the changes 
of adjacent segments. This correlation (i.e. the autocorrelation) was computed for both the simulated 
channels and the data obtained from the photographs of real lightning return strokes. Calculations 
were made of the autocorrelation coefficient of both AX and AZ. The values for the data are shown 
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is* Tabic 1. For the simulated channels the autocorrelation was zero, as was to be expected since in- 
dependent choices were made by the computer for the zero mean random numbers representing the 
ends of the linear segments, In the real channels the autocorrelation for the horizontal changes AX 
was on the order of 0,44 (Table 1). One way of obtaining simulated channels with correlated 
horizontal displacements is to assign non-zero values to the mean for AX and AY. Since the drifts in 
the real channels seem to be different for different parts of the channels, it was decided to allow the 
means to be themselves random variables, These new random variables were assumed to be zero 
mean and normally distributed with standard deviation <J X and o y , The o x and a y were chosen by 
trial and error to achieve correlation coefficients of about .45 for the simulated channels. The 
simulation was modified so that it chose from a zero mean, normal distribution random numbers for 
the values of <AX> and <AY> and independently from another normal distribution choose the 
points along the channel at which these means were to be changed. Figure SA shows five channels 
generated in this manner. Notice the presence of drifts to the left and right in these simulated chan- 
nels and the obviously improved agreement with the real lightni'ng channels. The channels in Figure 
8 A have the same means, standard deviation and autocorrelation as the data as well as having the 
same tortuosity parameter T - .44. 
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IV, THE RADIATED ELECTRIC * FIELD WAVEFORM 

The large scale fluctuations not only improve the visual agreement between the model channels 
and photographs of lichtning, they also improve the agreement between the radiated electric field 
waveforms predicted mathematically using the model channels and measurements of electric fields 
radiated from real return strokes, The measurements indicate that the electric fields radiated to a dis- 
tant observer during a return stroke begin abruptly and then decay irregularly (Tiller et aL, 1976, 
Weidman and Krider, 1978; Lin et el., 1978) in a process lasting about 100 (is, Two examples are 
shown in Figure 10 which are representative of data collected by Le Vine in Florida in July, 1978, 
during the TRIP experiment (Pierce, 1976), The data were obtained using a field change system 
designed by Krider (e,g, Krider et a!., 1977; Le Vine and Krider, 1977), Notice that although the 
decay of the electric field waveform is irregular, a pattern of peaks and valleys is clearly evident. 
This is a feature which is characteristic of the electric field waveforms radiated from first return 
strokes (Weidman and Krider, 1978). This feature is also present in the simulations obtained with 
model channels, but only when the large scale fluctuations are included in the model, Without the 
large scale fluctuations the decay consists of a rather smooth envelope upon which are superimposed 
small changes. 

Techniques for calculating the electric fields radiated during return strokes using a piecewise 

* 

linear model for the channel have been described by Le Vine and Meneghini (1978 a,b). These 
techniques assumes that during the return stroke current propagates along each linear segment of the 
model channel at constant speed. As described above, this amounts to a piecewise linear version of 
what is called a “transmission line” model in the literature on lightning. In the version of this 
model employed here, a solution is obtained for the radiation from each segment using a Fraunhofer 
approximation (e.g. Le Vine and Meneghini, 1978 a,b); then the computer obtains the total electric 
field at the observation point by using this solution to sum the contribution, from each segment, 
keeping track of the location of the current pulse as it propagates along the channel. 
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Figures 10 and 1 1 show several examples obtained with this simulation. The channel is shown to 
the left and the electric Field calculated for a point on the surface 100 km from the channel is shown 
to the right. It has been assumed that the ground plane is perfectly conducting (a ™ oo). Two ex- 
amples are shown in each figure. On the top is the electric field computed from a channel which in- 
cludes large scale fluctuations and on the bottom is shown the electric Field computed from a channel 
which is identical (i.e. was obtained from the same statistical distribution using the same random 
seeds) except that the fluctuations in the mean of the horizontal segment length, used to obtain the 
large scale changes in the channel, have been omitted. The result is a distinctively straightcr channel 
as was discussed in the preceding sections. The difference is also clearly reflected in the electric 
field waveforms shown to the right. The electric field predicted in either case rises abruptly at the 
beginning of the return stroke; however, in the absence of the large scale fluctuations, the decay has 
a monotonic envelope upon which are superimposed smaii irregular changes, whereas when the large 
scale are included in the channel, the envelope of the electric field waveform exhibits 

large ur.dttlations as it decays. These undulations are easily correlated with changes in the large scale 
geometry of the channels. Their presence gives the radiated electric field waveform a shape more 
representative of the data than the waveforms obtained when the large scale changes are absent (bot- 
tom of each figure). The examples shown in Figures 10 and 11 are representative of calculations 
made on several different channels. The current waveform used in the calculations is the exponential 
model described in Le Vine and Meneghini (1978a). 
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V. CONCLUSIONS 

A study has been made cl' the tortuosity of lightning return stroke channels using a piecewise lin- 
ear fit to the channel. It was found that the mean vertical change in length was about 8 meters and that 
the mean in the horizontal direction was nearly zero. The standard deviation in both the vertical and 
horizontal directions were about 6 m. However, simulations of lightning channels using segments 
chosen at random from a normal distribution with these parameters are relatively straight and do not 
have the large scale bends found in real lightning channels. Large scale bends can be simulated by 
allowing the mean of the horizontal changes in segment position to vary at random. Doing so not 
only yields channels which appear to the eye to be more representative of real lightning but also 
yield channels whose correlation (between the changes in length from one segment to the next) is 
consistent with the data In the simulations the means were chosen by selecting numbers at random 
from a zero mean, normal distribution with standard deviation o - 6.58. 

The large scale bends not only yield realistic looking channels, but also improve agreement between 
data from real lightning and the electric fields calculated from model return strokes. The large scale 
bends add to the calculated electric fields large undulations in the decaying portions of the waveform 
as is characteristic of the data. Large scale variations in the channel geometry were also found to be 
necessary by Ribncr and Roy (1981) to achieve successful simulations of thunder from model 
channels. 
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Figure 1. Channels A and B. The lines and 




Figure 2. Channels C and D. The lines and crosses are a spatial reference for use in analysis. 




Figure 3. Channels E and F. The lines and crosses were added to provide a spatial reference for the analysis. 
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Figure 4. Channels G and H. The lines and crosses were added to provide a spatial reference for the analysis. 
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piecewise linear fit to this piece of channel. 




ORIGINAL PASS O 
OF POOR QU AM iV 



-8 -4 0 4 8 12 16 20 

VERTICAL CHANGES ( AZ ) 


Figure 6. Composite histogram of the change in vertical coordinate (AZ) between ends of the 
segments in a piecewise linear fit to the channels. This histogram is for channels A-H. 
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Figure 7. Composite histogram of the horizontal changes (AX) between ends of the segment in the 
piecewise linear fit to the channels, This histogram is for channels A-H. 
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Figure 1 L Electric field waveforms (right) radiated from the channels shown at the left. The two channels have been generated 
with the same statistics except that the channel at the top includes large scale fluctuations whereas the example at the 
bottom does not. 










APPENDIX A 


Lightning Photographs 

Prints of the original lightning photographs from which channels A-H were selected for anal- 
ysis are shown in this appendix, The letter above each print corresponds to the letter assigned to 
the channels, In cases where more than one return stroke channel is present in the photo- 
graph, the image with the best optical quality was selected. For example, in Flashes A, B 
and D the channels on the far left were chosen for analysis. 
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Figure A I Lightning flashes A and B 
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Figure A2 lightning flashes C and D 
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Figure A3. Lightning flashes E and F 
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Figure A4 Lighining flashes G and H 




APPENDIX B 


List of Data Points 

Listed in this appendix are the differences AX and AZ of the cartesian coordinates between ends 
of the linear segments used to fit lightning channels A - H (Figures 1-4). The piecewise linear fit 
was made by following the channel with a straightedge until the edge departed from the channel by 
about one channel width. The straightedge was then re-oriented to follow the channel. AX and AZ 
are the change in cartesian coordinate between ends of these segments. AZ is the change in the ver- 
tical direction and AX is the change in the horizontal direction. The data points as listed are in ar- 
bitrary units equal to the number of grid lines crossed in going from one end of the segment to the 
other, The grid was superimposed on top of the channel, The conversion to meters is as described in 
the text. 
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19 

>2 

76 

0 

20 

0 

77 

3 

21 

'2 

78 

0 

22 

0 

79 

-1 

23 

3 

80 

1 

24 

2 

81 

2 

25 

2 

82 

4 

26 

2 

83 

4 

27 

3 

84 

1 

28 

3 

85 

2 

29 

1 

86 

0 

30 

1 

87 

-4 

31 

1 1 

88 

-2 

32 

0 

89 

-I 

33 

4 

90 

-1 

34 

6 

91 

1 

35 

1 

92 

1 

36 

5 

93 

2 

37 

0 

94 

1 

38 

2 

95 

4 

39 

1 

96 

4 

40 

0 

97 

4 

41 

1 

98 

4 

42 

0 

99 

2 

43 

9 

100 

3 

44 

3 

101 

3 

45 

0 

102 

0 

46 

2 

103 

1 

47 

-1 

104 

1 

48 

1 

105 

4 

49 

-2 

106 

0 

50 

2 

107 

-3 

51 

0 

108 

-1 

52 

2 

109 

-4 

53 

-1 

110 

0 

54 

-3 

111 

-3 

55 

0 

112 

1 

56 

2 

113 

1 

57 

1 

114 

-5 


115 

-2 

172 

-1 

116 

0 

173 

2 

117 

- 1 

174 

-1 

118 

-2 

175 

-2 

119 

~1 

176 

2 

120 

-2 

177 

-2 

121 

1 

178 

0 

122 

1 

179 

-1 

123 

0 

180 

-1 

124 

-3 

181 

-1 

125 

0 

182 

0 

126 

-1 

183 

-2 

127 

-1 

184 

1 

128 

-2 

185 

-2 

129 

-1 

186 

1 

130 

-2 

187 

-1 

131 

-3 

188 

-5 

132 

-10 

189 

0 

133 

0 

190 

-1 

134 

-5 

191 

-1 

135 

1 

192 

-3 

136 

0 

193 

-1 

137 

-1 

194 

-3 

138 

-2 

195 

-2 

139 

2 

196 

0 

140 

-1 

197 

-2 

141 

-1 

198 

0 

142 

1 

199 

-2 

143 

0 

200 

-1 

'44 

-1 

201 

1 

1-5 

1 

202 

-1 

146 

2 

203 

-1 

147 

0 

204 

l 

148 

2 

205 

-2 

149 

-1 

206 

0 

150 

2 

207 

2 

151 

1 

208 

0 

152 

3 

209 

-3 

153 

0 

210 

-3 

154 

4 

211 

0 

155 

2 

212 

-I 

156 

3 

213 

_2 

157 

3 

214 

0 

158 

2 

215 

-5 

159 

4 

216 

0 

160 

0 

217 

2 

161 

1 

218 

0 

162 

1 

219 

-5 

163 

-1 

220 

-0 

164 

0 

221 

-I 

165 

-2 

222 

-3 

166 

-2 

223 

-1 

167 

-1 

224 

1 

168 

-1 

225 

0 

169 

-2 

226 

-1 

170 

1 



171 

-3 
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ORIGINAL PA C: O 
OF POOf^ QUAuW 


Channel A 

Vertical Changes AX 


1 

2 

58 

8 

2 

4 

59 

5 

3 

4 

60 

5 

4 

1 

61 

5 

5 

1 

62 

3 

6 

2 

63 

3 

7 

2 

64 

3 

8 

4 

65 

4 

9 

2 

66 

2 

10 

5 

67 

7 

11 

5 

68 

3 

12 

3 

69 

1 

13 

3 

70 

2 

14 

3 

71 

1 

15 

3 

72 

4 

16 

3 

73 

11 

17 

8 

74 

5 

18 

5 

75 

9 

19 

5 

76 

2 

20 

2 

77 

2 

21 

-2 

78 

4 

22 

2 

79 

3 

23 

1 

80 

2 

24 

6 

81 

2 

25 

0 

82 

0 

26 

3 

83 

5 

27 

5 

84 

5 

28 

2 

85 

5 

29 

0 

86 

3 

30 

2 

87 

3 

31 

2 

88 

2 

32 

2 

89 

3 

33 

5 

90 

5 

34 

0 

91 

4 

35 

4 

92 

6 

36 

10 

93 

5 

37 

2 

94 

3 

38 

5 

95 

3 

39 

8 

96 

5 

40 

5 

97 

2 

41 

0 

98 

6 

42 

4 

99 

1 

43 

3 

100 

1 

44 

3 

101 

1 

45 

2 

102 

5 

46 

1 

103 

3 

47 

3 

104 

5 

48 

3 

105 

7 

49 

3 

106 

11 

50 

4 

107 

3 

51 

10 

108 

1 

52 

6 

109 

7 

53 

5 

110 

3 

54 

9 

111 

4 

55 

3 

112 

2 

56 

3 

113 

2 

57 

7 

114 

5 


115 

2 

172 

10 

116 

4 

173 

8 

117 

2 

174 

3 

118 

0 

175 

3 

119 

-1 

176 

8 

120 

2 

177 

2 

121 

2 

178 

2 

122 

2 

179 

4 

123 

1 

180 

2 

124 

2 

181 

3 

125 

4 

182 

4 

126 

2 

183 

2 

127 

3 

184 

4 

128 

3 

185 

3 

129 

2 

186 

2 

130 

3 

187 

* 

131 

1 

188 

4 

132 

7 

189 

3 

133 

5 

190 

2 

134 

8 

191 

2 

135 

2 

192 

3 

136 

2 

193 

4 

137 

3 

194 

3 

138 

2 

195 

0 

139 

3 

196 

7 

140 

6 

197 

4 

141 

1 

198 

1 

142 

3 

199 

2 

143 

4 

200 

1 

144 

2 

201 

4 

145 

1 

202 

4 

146 

2 

203 

6 

147 

5 

204 

5 

148 

1 

205 

3 

149 

4 

206 

5 

150 

2 

207 

1 

151 

3 

208 

3 

152 

3 

209 

3 

153 

5 

210 

11 

154 

2 

21 ! 

4 

155 

3 

212 

2 

156 

2 

213 

1 

157 

1 

214 

4 

158 

3 

215 

5 

159 

1 

216 

10 

160 

4 

217 

4 

161 

3 

218 

3 

162 

2 

219 

4 

163 

2 

220 

3 

164 

3 

221 

1 

165 

1 

222 

7 

166 

1 

223 

4 

167 

7 

224 

6 

168 

2 

225 

8 

169 

1 

226 

2 

170 

171 

3 

4 

227 

4 
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ORIGINAL PACE IS 
OF POOR QUALITY 


Channel B 

Horizontal Changes AX 


1 

4 

68 

2 

8 

69 

3 

5 

70 

4 

3 

71 

5 

4 

72 

6 

3 

73 

7 

4 

74 

8 

12 

75 

9 

2 

76 

10 

2 

77 

11 

2 

78 

12 

11 

79 

13 

5 

80 

14 

3 

81 

15 

4 

82 

16 

3 

83 

17 

3 

84 

18 

4 

85 

19 

1 

86 

20 

5 

87 

21 

17 

88 

22 

3 

89 

23 

-8 

90 

24 

8 

91 

25 

5 

92 

26 

8 

93 

27 

5 

94 

28 

3 

95 

29 

4 

96 

30 

5 

97 

31 

4 

98 

32 

5 

99 

33 

4 

100 

34 

4 

101 

35 

5 

102 

36 

3 

103 

37 

7 

104 

38 

7 

105 

39 

5 

106 

40 

3 

107 

41 

4 

108 

42 

5 

109 

43 

2 

110 

44 

3 

111 

45 

8 

112 

46 

9 

113 

47 

5 

114 

48 

5 

115 

49 

3 

116 

50 

7 

117 

51 

9 

118 

52 

10 

119 

53 

8 

120 

54 

5 

121 

55 

6 

122 

56 

5 

123 

57 

2 

124 

58 

7 

125 

59 

3 

126 

60 

3 

127 

61 

3 

128 

62 

4 

129 

63 

11 

130 

64 

7 

131 

65 

4 

132 

66 

3 

133 

67 

3 

134 
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onmm. tv 4 & 

OF POOH: OUAUTV 


Channel B 

Vertical Changes AZ 


1 

-2 

69 

-l 

136 

1 

2 

0 

70 

0 

137 

1 

3 

-1 

71 

4 

138 

0 

4 

2 

72 

3 

139 

-2 

5 

“2 

73 

1 

140 

-1 

6 

0 

74 

1 

141 

-1 

7 

2 

75 

1 

142 

0 

8 

-2 

76 

5 

143 

1 

9 

1 

77 

1 

144 

l 

10 

1 

78 

0 

145 

-1 

11 

2 

79 

-1 

146 

0 

12 

4 

80 

-1 

147 

1 

13 

3 

81 

0 

148 

-1 

14 

0 

82 

4 

149 

0 

15 

-1 

83 

0 

150 

-1 

16 

0 

84 

-1 

151 

0 

17 

1 

85 

0 

152 

-3 

18 

3 

86 

1 

153 

1 

19 

2 

87 

0 

154 

l 

20 

2 

88 

2 

155 

1 

21 

-3 

89 

0 

156 

1 

22 

0 

90 

0 

157 

2 

23 

1 

91 

2 

158 

1 

24 

0 

92 

2 

159 

1 

25 

1 

93 

3 

160 

-1 

26 

2 

94 

1 

161 

-1 

27 

0 

95 

1 

162 

2 

28 

3 

96 

0 

163 

0 

29 

-1 

97 

“1 

164 

1 

30 

0 

98 

6 

165 

2 

31 

2 

99 

1 

166 

2 

32 

1 

100 

1 

167 

6 

33 

1 

101 

0 

168 

1 

34 

2 

102 

-1 

169 

-1 

35 

0 

103 

1 

170 

-5 

36 

3 

104 

1 

171 

5 

37 

1 

105 

3 

172 

3 

39 

-2 

106 

3 

173 

-1 

40 

0 

107 

1 

174 

-2 

41 

-1 

108 

3 

175 

0 

42 

-2 

109 

-1 

176 

1 

43 

-3 

110 

0 

177 

3 

44 

1 

111 

2 

178 

0 

45 

-2 

112 

2 

179 

0 

46 

-1 

113 

2 

180 

2 

47 

2 

114 

0 

181 

1 

48 

0 

115 

-3 

182 

2 

49 

-1 

116 

0 

183 

1 

50 

-1 

117 

1 

184 

-6 

51 

-1 

118 

0 

185 

16 

52 

-8 

119 

-1 

186 

0 

53 

-2 

120 

-3 

187 

2 

54 

0 

121 

4 

188 

1 

55 

3 

122 

-I 

189 

-1 

56 

0 

123 

1 

190 

1 

57 

-2 

124 

2 

191 

2 

58 

-4 

125 

-4 

192 

0 

59 

1 

126 

0 

193 

-3 

60 

2 

127 

-2 

194 

0 

61 

0 

128 

-l 

195 

1 

62 

3 

129 

1 

196 

-2 

63 

0 

130 

1 

197 

-1 

64 

-3 

131 

2 

198 

-3 

65 

-1 

132 

3 

199 

-7 

66 

-4 

133 

3 

200 

-3 

67 

-1 

134 

4 

201 

1 

68 

0 

135 

3 

202 

1 


203 

204 

205 

206 

207 

208 
209 
2)0 
211 
212 

213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 
23 * 
23 s 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 

266 


2 

0 

0 

0 

t 

1 

2 
I 


-1 

-2 

-3 
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Channel C 

Horizontal Changes AX 


ORIGINAL PASS ® 

OF POOR QUALITY 


1 

2 ( H ) 

1 

1.00 

3 

3.00 

4 

2.00 

5 

5.00 

6 

3 ( H ) 

7 

UK ) 

8 

0,50 

9 

1.00 

10 

1 .( H ) 

II 

5,00 

12 

1.00 

13 

1 .00 

14 

1.50 

1 $ 

2.50 

16 

4.00 

17 

0.00 

18 

0.50 

19 

1.00 

20 

2.00 

21 

9.00 

22 

4.50 

23 

3.00 

24 

3.50 

25 

3.00 

26 

3 . IK ) 

it 

2 ( H ) 

28 

2.00 

29 

2.00 

.30 

2 ( X ) 

.31 

0.50 

32 

- 1.00 

33 

1.00 

34 

* 0.50 

35 

0.50 

36 

3.50 

37 

2.00 

38 

1.00 

39 

2.00 

40 

2.50 

41 

1.50 

42 

1,00 

43 

0.00 

44 

- 1.00 

45 

- 2.50 

46 

-• 4.00 

47 

- 3.00 

48 

- 1.50 

49 

- 3.00 

50 

- 1 .50 

51 

- 1.50 

52 

-1.00 

53 

- 4.00 

54 

- 3.50 

55 

- 0.50 

56 

- 1.00 

57 

- 2.00 

58 

0.50 

59 

- 0.50 

60 

- 2.50 

6 ! 

- 0.00 


62 

3 ( K ) 

63 

1 ( H ) 

64 

1 .( H ) 

65 

0.50 

66 

0 50 

67 

0.50 

68 

2,00 

69 

5.00 

70 

4.00 

71 

2.50 

72 

0.50 

7.3 

0.50 

74 

0.00 

75 

3,50 

76 

* 3.00 

77 

4.50 

78 

3,00 

79 

1.50 

80 

■ 3.00 

81 

250 

82 

4. (HI 

83 

2.50 

84 

1.50 

85 

4 ( H ) 

86 

3,50 

87 

l .( H ) 

88 

1.00 

89 

8.00 

90 

- UK ) 

91 

- 1.80 

92 

2.00 

93 

0.50 

94 

. 3.00 

95 

- I .( K ) 

96 

0,50 

97 

- 4.50 

98 

* 0.50 

99 

- 2.00 

1 ( H ) 

- 3.50 

101 

- 3.50 

102 

- 2.50 

10.3 

3.00 

104 

- 13.00 

105 

- 5 ( H ) 

106 

- 2.00 

107 

- 4.00 

108 

- 4.00 

109 

- 3.50 

110 

- 1 .50 

111 

- 3.00 

112 

- 3.00 

113 

- 2.00 

114 

- 3.00 

115 

“ 5.50 

116 

- 3.00 

117 

1.00 

118 

- 1.00 

119 

- 5.50 

120 

- 4.00 

12 ) 

- 0.50 

122 

- 0,00 


123 

1.50 

124 

1.50 

125 

2.00 

126 

0.50 

127 

2 ( H ) 

128 

1.50 

129 

0.50 

130 

1.00 

131 

O .( H ) 

132 

- 0.50 

133 

•*■ 3,00 

134 

0.50 

135 

0.50 

136 

.( H ) 

137 

- 0.50 

138 

0,50 

139 

- 2,00 

140 

0.50 

141 

* 2.50 

142 

- 0.50 

143 

- 1.00 

144 

2.00 

145 

3.00 

146 

- 2.00 

147 

0.00 

148 

• 2 ( H ) 

149 

- 2.00 

ISO 

8.50 

151 

0.50 

152 

3.00 

153 

7,00 

154 

2.50 

155 

7.00 

156 

4,00 

157 

5,00 

158 

1.00 

159 

1 .00 

160 

0.50 

161 

- 0.50 

162 

- 8,00 

163 

- 3.00 

164 

- 7,50 

165 

- 5.00 

166 

- 4.00 

167 

0.00 

168 

- 2.00 

169 

1.00 

170 

- 4.50 

171 

- 0.50 

172 

1.00 

173 

- 1.00 

174 

- 5.50 

175 

- 6.00 

176 

- 1.00 

177 

- 3.00 

178 

- 4.00 

179 

1,00 

180 

0.00 

181 

- 4.00 

182 

0.50 

183 

- 12,00 


184 

-» 3,00 

185 

2.50 

186 

3 . 0(3 

187 

“ 7.00 

188 

0.00 

189 

- 5,00 

190 

- 0.50 

191 

- 1.00 

192 

- 3.00 

193 

™ 2.00 

194 

“ 2.50 

195 

*» 2.00 

196 

■” 4.00 

197 

- 2.00 

198 

- 1.00 

199 

0.50 

2 ( H ) 

- 2.00 

201 

- 1.00 

202 

- 2.00 

203 

" 1.50 

204 

1.00 

205 

- 1.00 

206 

0.50 

207 

2.00 

208 

0.00 

209 

0.00 

210 

- 1.50 

211 

- 5.50 

212 

" 1.00 

213 

" 2.50 

214 

- 1,00 

215 

- 2.50 

216 

- 2.00 

217 

1.00 

218 

5.00 

219 

3.00 

220 

- 1.00 

221 

- 1.00 

222 

0.50 

223 

2.00 

224 

- 1.00 

225 

1.00 

226 

0.00 

227 

- 1.50 

228 

- 3.00 

229 

- 0.50 

230 

0 50 

231 

6 90 

232 

0.00 

233 

1,50 

234 

5.00 

235 

3.00 

236 

1.50 

237 

2.00 

238 

2.00 

239 

3.00 

240 

5.00 

241 

1.00 

242 

4.00 

243 

1.00 

244 

- 1.50 
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onmm. ttYS. m 

of poor Q'Murv 

Channel C 

Vertical Changes AZ 


I 

8.00 

62 

4.50 

123 

5.50 

184 

5.50 

0 

u 

6.00 

63 

4.00 

124 

6.50 

185 

7.50 

3 

9.00 

64 

3.00 

125 

7.00 

186 

6.00 

4 

3.00 

65 

2.00 

126 

15.00 

187 

8,50 

5 

3.00 

66 

6.00 

127 

2.00 

188 

5.50 

6 

11.00 

67 

3.50 

128 

7.50 

189 

4.50 

7 

5.00 

68 

4.00 

129 

3.00 

190 

2.50 

8 

4,00 

69 

3.50 

130 

4.50 

191 

2.00 

9 

3.00 

70 

4.00 

131 

10.50 

192 

3.00 

10 

2.00 

71 

4.00 

132 

2.50 

193 

5.50 

11 

5.50 

72 

1.50 

133 

1.00 

194 

12.00 

12 

3.00 

73 

4.00 

134 

5.00 

195 

2.00 

13 

9.00 

74 

2.00 

135 

2.50 

196 

3.00 

14 

1000 

75 

9.00 

136 

9.00 

197 

2.00 

15 

6.00 

76 

0.00 

137 

2.50 

198 

2.50 

16 

8.50 

77 

- 0.50 

138 

5.00 

199 

8.00 

17 

2.50 

78 

- 0.50 

139 

1.00 

200 

4.00 

18 

5.50 

79 

2.00 

140 

3.00 

201 

4.00 

19 

2.00 

80 

3.00 

141 

3.00 

202 

3,00 

20 

2.50 

81 

0.50 

142 

4.00 

203 

4.00 

21 

5.50 

82 

1.50 

143 

1.50 

204 

5.50 

22 

3.50 

83 

1.50 

144 

1.00 

205 

1.50 

23 

3.00 

84 

1.50 

145 

0.50 

206 

3,50 

24 

4.00 

85 

6.00 

146 

1.50 

207 

3.00 

25 

6.00 

86 

1.50 

147 

2,50 

208 

3.00 

26 

8.00 

87 

1.00 

148 

4.00 

209 

6.00 

27 

2.00 

88 

2.50 

149 

2.00 

210 

3.50 

28 

1.50 

89 

4.50 

150 

3.50 

211 

5.50 

29 

1.50 

90 

2.00 

151 

1.50 

212 

3.00 

30 

9.00 

91 

7.50 

152 

2.00 

213 

16.50 

31 

2.00 

92 

23.00 

153 

1.00 

214 

2.00 

32 

3.50 

93 

1.50 

154 

2.00 

215 

3.50 

33 

1.00 

94 

2.50 

155 

3.50 

216 

1.50 

34 

2.00 

95 

2.00 

156 

- 2.00 

217 

2.00 

35 

3.00 

96 

2.00 

157 

1. 00 

218 

5.00 

36 

6.00 

97 

10.00 

158 

2.00 

219 

6.50 

37 

2.00 

98 

2.00 

159 

2.00 

220 

6,00 

38 

1.50 

99 

3.50 

160 

2.00 

221 

5.00 

39 

2.50 

100 

0.50 

161 

3.50 

222 

5.00 

40 

7.00 

101 

1.50 

162 

6.00 

223 

6.00 

41 

4.00 

102 

3.00 

163 

3.00 

224 

9.00 

42 

3.50 

103 

8.00 

164 

- 4.50 

225 

6.50 

43 

6.50 

104 

12.50 

165 

2.00 

226 

1.50 

44 

3.00 

105 

- 1.00 

166 

8.50 

227 

3.00 

45 

1.00 

106 

0.50 

167 

1.50 

228 

3.00 

46 

- 3.00 

107 

1.50 

168 

3.00 

229 

6.00 

47 

0.50 

108 

3.00 

169 

3.00 

230 

1.50 

48 

8.50 

109 

5.50 

170 

7.50 

231 

7.00 

49 

4.00 

110 

1.50 

171 

2.00 

232 

3.50 

50 

3.00 

ill 

0.50 

172 

2.50 

233 

2.50 

51 

5.50 

112 

2,00 

173 

2.00 

234 

3.00 

52 

2.50 

113 

4,50 

174 

1.50 

235 

3.00 

53 

5.00 

114 

3.00 

175 

4.00 

236 

7.50 

54 

4.50 

115 

4.50 

176 

1.50 

237 

7.50 

55 

3.00 

116 

4.50 

177 

4,50 

238 

2.50 

56 

6,00 

117 

4,00 

178 

5.00 

239 

2.00 

57 

8.50 

118 

11.50 

179 

5.00 

240 

1.00 

58 

7.00 

119 

7.50 

180 

4.00 

241 

1.50 

59 

2,00 

120 

7.00 

181 

7.00 

242 

5.00 

60 

5.50 

121 

2.00 

182 

4.00 

243 

5.00 

61 

4.00 

122 

1.00 

183 

12.00 

244 

9.00 


37 



Channel D 

Horizontal Changes AX 


OF poor; Ou* :* r ’.'* V 


1 

1. 00 

55 

3.50 

1 

00 

- 2.50 

56 

2,00 

3 

- 2.00 

57 

0.50 

4 

- 0.50 

58 

2.00 

5 

000 

59 

3.00 

6 

1.50 

60 

000 

7 

7.00 

61 

2.00 

8 

0.00 

62 

4.50 

9 

- 1.50 

63 

- 1,00 

10 

- 4,00 

64 

0.50 

11 

- 3.00 

65 

- 6.00 

12 

o 

n 

o 

2 

66 

- 2,50 

13 

2.00 

67 

- 1.00 

14 

5.00 

68 

“ 0.50 

15 

2.00 

69 

1.00 

16 

1.00 

70 

2.00 

17 

2.50 

71 

3.50 

18 

5.00 

72 

6.50 

19 

4.00 

73 

1.50 

20 

1.00 

74 

- 2.00 

21 

** 1.00 

75 

0,50 

22 

- 0.50 

76 

- 0,50 

23 

0 50 

77 

2.00 

24 

3.00 

78 

2.50 

25 

” 1.50 

79 

1.50 

26 

- 0.50 

80 

1.50 

27 

0.50 

81 

8.50 

28 

- 3.00 

82 

1.00 

29 

-3 50 

83 

- 2.00 

30 

- 1.50 

84 

- 1.50 

31 

- 1.00 

85 

- 0.50 

32 

2.00 

86 

1.00 

33 

3.00 

87 

3 50 

34 

1.50 

88 

3.00 

35 

1.00 

89 

3.50 

36 

1.00 

90 

3.00 

37 

3.00 

91 

2,50 

38 

5.00 

92 

0.50 

39 

2.00 

93 

0.50 

40 

0.00 

94 

1.00 

41 

- 4.00 

95 

- 2.50 

42 

1.00 

96 

0.50 

43 

1.00 

97 

1.50 

44 

- 0.50 

98 

- 1.00 

45 

2.00 

99 

- 2.00 

46 

- 1.00 

100 

- 0.50 

47 

- 0.50 

101 

- 0.50 

48 

3.00 

102 

2.50 

49 

2.00 

103 

2,00 

50 

2.00 

104 

5,50 

51 

2.50 

105 

2.50 

52 

- 1.00 

106 

2.00 

53 

1.00 

107 

- 1.00 

54 

5.00 

108 

- 1.00 


109 

- 1.00 

163 

1.50 

1*0 

- 2.00 

164 

3.00 

111 

“ 3.50 

165 

3,50 

112 

« 4.()0 

166 

2.00 

113 

- 4.00 

167 

1.00 

114 

- 1.50 

168 

3.00 

115 

- 0.50 

169 

2.00 

116 

0.50 

170 

2.50 

117 

0.50 

171 

7.00 

118 

1.00 

172 

1.00 

119 

- 0.50 

173 

1.50 

120 

- 4.00 

174 

3.50 

121 

0.50 

175 

4,00 

122 

- 2.00 

176 

1.00 

123 

1.00 

177 

0.00 

124 

4.50 

178 

0.50 

125 

4.00 

179 

1.00 

126 

2.00 

180 

3.00 

127 

- 0.50 

181 

3,00 

128 

- 2.00 

182 

3,00 

129 

- 3.50 

183 

4,00 

130 

- 1.50 

184 

2,00 

131 

- 0.50 

185 

3,00 

132 

- 0.50 

186 

2,50 

133 

- 3.00 

187 

0.50 

134 

1,00 

188 

-1 00 

135 

3.50 

189 

- 1.00 

136 

0.50 

190 

- 3.00 

137 

- 4.00 

191 

- 1.50 

138 

1.50 

192 

- 0.50 

139 

- 3.00 

193 

0.50 

140 

- 0.50 

194 

13.00 

141 

- 3,50 

195 

2.50 

142 

- 5.00 

196 

5,00 

143 

- 2,00 

197 

2.00 

144 

- 0.50 

198 

1.00 

145 

0.00 

199 

0,00 

146 

1.50 

200 

1,00 

147 

3,50 

201 

2.00 

148 

2.50 

202 

1,00 

149 

5.50 

203 

1.00 

150 

7.00 

204 

3.00 

151 

2.00 

205 

5.00 

152 

1.50 

206 

3,00 

153 

1.50 

207 

2.00 

154 

5.00 

208 

1.00 

155 

9,00 

209 

4.00 

156 

8.00 

210 

2,00 

157 

2.50 

211 

- 5.50 

158 

3.50 

212 

- 1.50 

159 

3.00 

213 

- 0.50 

160 

2.00 

214 

1.50 

161 

1.00 

215 

1,00 

162 

1.00 
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Channel D 
Vertical Changes AZ 


1 

5,00 

55 

5.50 

109 

6.00 

163 

2.00 

2 

6,50 

56 

6,00 

no 

2.50 

164 

2.00 

3 

5.50 

57 

5.00 

111 

3.00 

165 

4.50 

4 

2.50 

58 

8,00 

112 

9.00 

166 

4.00 

5 

9.00 

59 

7,00 

113 

6.00 

167 

4.00 

6 

3.50 

60 

5.50 

114 

4.50 

168 

6.00 

7 

12.00 

61 

3.50 

115 

6.00 

169 

6.00 

8 

7.50 

62 

4.00 

116 

4 00 

170 

2.50 

9 

2.50 

63 

4.00 

117 

3.50 

171 

5.00 

10 

2.00 

64 

4.00 

118 

6.00 

172 

3 00 

11 

5.00 

65 

5,00 

119 

3.50 

173 

3.50 

12 

4.00 

66 

3.50 

120 

10.00 

174 

7.00 

13 

3.00 

67 

5.50 

121 

5,00 

175 

2.00 

14 

3.00 

68 

4.50 

122 

8.00 

176 

3.00 

15 

3.00 

69 

4.00 

123 

5.00 

177 

5.50 

16 

6.00 

70 

2.00 

124 

6.50 

178 

3.50 

17 

3.00 

71 

3.50 

125 

5.50 

179 

2.00 

18 

3.50 

72 

11.50 

126 

6.00 

180 

2.50 

19 

4.50 

73 

15.50 

127 

3.00 

181 

5.00 

20 

5.00 

74 

7.50 

128 

5.00 

182 

2,00 

21 

4.00 

75 

10.50 

129 

6.50 

183 

1.00 

22 

2.50 

76 

6.00 

130 

5,00 

184 

1.50 

23 

3.50 

77 

7.00 

131 

9.00 

185 

4.00 

24 

4.00 

78 

4.50 

132 

4,00 

186 

5.00 

25 

1.50 

79 

2.50 

133 

12.00 

187 

3.50 

26 

3.50 

80 

3.50 

134 

2.50 

188 

4.00 

27 

4.00 

81 

13.00 

135 

3.50 

189 

4,90 

28 

3.00 

82 

5.50 

136 

2.00 

190 

3.00 

29 

2,50 

83 

9.50 

137 

8.00 

191 

3.50 

30 

3.00 

84 

4.50 

138 

13,00 

192 

3.50 

31 

6.00 

85 

5.00 

139 

3,50 

193 

3.50 

32 

5.00 

86 

2.50 

140 

6.00 

194 

15.00 

33 

5.00 

87 

3.00 

14 ! 

3.50 

195 

2.00 

34 

3.00 

88 

2.50 

142 

8.00 

196 

0.50 

35 

2.00 

89 

4.50 

143 

6,00 

\91 

2.00 

36 

3.00 

90 

3.00 

144 

3.00 

198 

3.00 

37 

4.00 

91 

2.50 

145 

2.50 

199 

4.50 

38 

2.00 

92 

3.50 

146 

2,00 

200 

2.00 

39 

3.50 

93 

2.50 

147 

1,00 

201 

1.50 

40 

2.00 

94 

4.00 

148 

1.50 

202 

4.50 

41 

15.50 

95 

6.00 

149 

10,00 

203 

3,00 

42 

7.00 

96 

3.00 

150 

3.00 

204 

2.00 

43 

19.50 

97 

7.00 

151 

2.50 

205 

2.00 

44 

6.00 

98 

4.00 

152 

5.00 

206 

2.00 

45 

5.00 

99 

4.00 

153 

1.50 

207 

3.00 

46 

6,00 

100 

6,50 

154 

2.00 

208 

3.00 

47 

5.00 

101 

7.50 

155 

0.50 

209 

3.00 

48 

6.00 

102 

2.50 

156 

- 0,50 

210 

4.90 

49 

3,00 

103 

9,00 

157 

1.50 

211 

8.00 

50 

2,00 

104 

2.00 

158 

3.50 

212 

2.70 

51 

5.50 

105 

3.00 

139 

7.00 

213 

3.50 

52 

5.50 

106 

5.00 

160 

6.00 

214 

12.00 

53 

2,00 

107 

4.00 

161 

7.00 

215 

2.50 

54 

5.00 

108 

3.00 

162 

3.00 
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ORIGINAL 5-'K*i2 E2I 
OF POOR QUALITY 


Channel E 

Horizontal Changes AX 


1 

000 

“1 

4.00 

3 

2,50 

4 

3.50 

5 

2.00 

6 

3 00 

7 

- 1.00 

8 

>* 2.00 

9 

1.00 

10 

000 

il 

- 2.00 

12 

™ 0,50 

13 

5.00 

14 

- 0.30 

15 

1,00 

16 

- 1.00 

17 

- 6.00 

18 

- 4.00 

19 

0,30 

20 

-1 00 

21 

- 3.00 

22 

0.00 

23 

> 3.50 

24 

- 7.50 

25 

- 1.00 

26 

0.00 

27 

2.50 

28 

- 1.00 

29 

1.00 

30 

0.50 

31 

- 0.50 

32 

- 4.00 

33 

- 2.00 

34 

0.00 

35 

- 7.00 

36 

- 3,00 

37 

- 3.00 

38 

- 2.00 

39 

- 2.00 

40 

- 4,00 

41 

1.50 

42 

- 2.00 

43 

- 1.00 

44 

1.00 

45 

- 0,50 

46 

1.00 

47 

- 0.50 

48 

1. 00 

49 

1.00 

50 

- 2,50 

51 

- 4.00 

52 

- 1,50 

53 

- 2,00 

54 

- 5.00 

55 

- 3,50 

56 

- 1,00 

57 

0,00 

50 

0.00 

59 

- 1,00 

60 

- 1.00 

61 

- 2.00 

62 

- 1.00 

63 

2.50 


64 

200 

65 

3.00 

66 

0.00 

67 

- 2.00 

68 

1.00 

69 

™ 7.00 

70 

0.00 

71 

- 4.00 

72 

0.00 

73 

- 1,00 

74 

- 4.00 

75 

- 1.00 

76 

- 4.00 

77 

4,00 

78 

2.00 

79 

9.00 

80 

2.50 

81 

6.00 

82 

2,00 

83 

- 1,00 

84 

- 2.00 

85 

- 2.00 

86 

- 3.00 

87 

1.00 

88 

3.50 

89 

3.00 

90 

0.00 

91 

- 3.00 

92 

- 1,00 

93 

- 1.00 

94 

- 4.00 

95 

- 1.00 

96 

- 2.00 

97 

- 0.50 

98 

- 4.00 

99 

0.00 

100 

1.00 

101 

- 3.00 

102 

0.00 

103 

- 1.00 

104 

- 3.00 

105 

- 2.50 

10 *. 

- 4.00 

107 

- 3,00 

108 

- 6.00 

109 

- 3.00 

110 

- 5.00 

III 

- 10.00 

112 

- 3.00 

113 

3.00 

114 

- 1.00 

115 

- 1.50 

116 

- 3.00 

117 

- 2.00 

118 

- 2.00 

119 

- 1.00 

120 

- 2.00 

121 

- 3.00 

122 

- 4,00 

123 

- 2.00 

124 

- 2.00 

125 

- 9.00 

126 

- 3.00 


127 

“ 2.00 

128 

-1 00 

129 

-200 

130 

-6 50 

13 ! 

- 2.00 

132 

- 2.00 

133 

-> 4.00 

134 

- 4.00 

135 

- 5,00 

136 

- 5.50 

137 

- 3.00 

138 

- 7.00 

139 

- 3.00 

140 

- 2.50 

141 

- 4.00 

142 

- 4.00 

143 

- 1.50 

144 

- 5,00 

145 

- 5,00 

146 

“ 3.00 

147 

- 9.00 

148 

- 3.00 

149 

- 2.00 

150 

- 11.50 

151 

- 2.00 

152 

- 2.00 

153 

- 3.00 

154 

- 2.00 

155 

- 2.00 

156 

- 2.00 

157 

- 4.00 

158 

0.00 

159 

- 2.00 

160 

- 2.00 

161 

- 1.50 

162 

- 0.50 

163 

- 0.30 

164 

- 4.00 

165 

- 2.00 

166 

- 1.00 

167 

- 1.00 

168 

- 2,00 

169 

1.00 

170 

- 0.50 

171 

- 1.00 

172 

- 7.00 

173 

- 3.00 

174 

- 1.00 

175 

- 1.00 

176 

- 6.00 

177 

- 2,00 

178 

3.00 

179 

0.00 

180 

- 1.00 

181 

- 2.00 

182 

- 6.00 

183 

1.00 

184 

0,00 

185 

- 1.00 

186 

- 1.00 

187 

- 5.00 

188 

1.00 

189 

- 0.50 


190 

- 1.00 

191 

- 3.00 

192 

- 0.50 

193 

- 1.00 

194 

“ 1.00 

195 

- 3.00 

196 

0.00 

197 

1.50 

198 

0.00 

199 

- 0.50 

200 

- 5.50 

201 

- 4.00 

202 

- 0.50 

203 

4.00 

204 

0,00 

205 

2.00 

206 

0.50 

207 

0,50 

208 

4.00 

209 

5.00 

210 

3.00 

211 

- 1.00 

212 

- 2.00 

213 


214 

- 2.00 

215 

- 4.00 

216 

- 1 . C 0 

217 

- 4.00 

218 

1.00 

219 

0.00 

220 

- 2.00 

221 

- 7.00 

222 

- 3.00 

223 

- 3.00 

224 

- 5.00 

225 

- 5.50 

226 

- 3.50 

227 

- 2.00 

228 

- 2.00 

229 

- 8.00 

230 

- 2.00 

231 

- 7.00 

232 

- 2.00 

233 

- 13.00 

234 

- 3.00 

235 

- 9.00 

236 

- 1.00 

237 

- 2.00 

238 

- 4.00 

239 

- 14.00 

240 

- 2.00 

241 

- 3,50 

242 

- 3.00 

243 

- 2.00 

244 

- 6.00 

245 

- 6.00 

246 

- 7,00 

247 

- 0,50 

248 

0.30 

249 

7.00 

250 

1,00 

251 

- 0,50 

252 

- 2,00 
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Channel E 

Vertical Changes AZ 



r •’« t 

" ' r '**» 

" - *3 & «-►’ 


Qtj/‘iE„i ii '/ 


1 

6.50 

*> 

0.00 

3 

2.50 

4 

7.50 

5 

6.00 

6 

11.00 

7 

4.50 

8 

2.50 

9 

6.00 

10 

3.00 

11 

6.00 

*> 

10.00 

j 3 

11.00 

14 

5.00 

15 

9.50 

16 

6.00 

17 

20.00 

18 

3.00 

19 

5.00 

20 

3.00 

21 

4.00 

O') 

<•4* 

4.00 

23 

3.50 

24 

4.50 

25 

2.00 

26 

4.00 

27 

6.00 

28 

6.00 

29 

3.00 

30 

1.00 

31 

2.00 

32 

11.00 

33 

3.00 

34 

6.00 

35 

13.50 

36 

4.00 

37 

6.00 

38 

4.50 

39 

15.00 

40 

6.00 

41 

8.00 

42 

3.00 

43 

2.00 

44 

7.00 

45 

8.00 

46 

6.00 

47 

7.00 

48 

4.00 

49 

4.00 

50 

9.00 

51 

8.50 

52 

3.50 

53 

7.00 

54 

4.00 

55 

6.00 

56 

4.00 

57 

6,00 

58 

4.00 

59 

5.00 

60 

3.00 

61 

3.00 

62 

8.00 

63 

8.50 


64 

6.00 

65 

5.00 

66 

4 00 

67 

6.50 

68 

8.00 

69 

14 00 

70 

12,00 

71 

6.00 

72 

8.00 

73 

2.00 

74 

2 00 

75 

2.00 

76 

12.00 

77 

10.00 

■ ? 8 

2.00 


4.00 

0 

2.50 

8 ! 

7.00 

82 

5.00 

83 

11.00 

84 

4.00 

85 

3.00 

86 

4.00 

87 

2.00 

88 

4.50 

8 <> 

5.00 

90 

6.00 

91 

6.00 

92 

3.50 

93 

5.00 

94 

3.00 

95 

1.00 

96 

6.00 

97 

3.00 

98 

7.00 

99 

17.00 

100 

9.00 

101 

7.50 

102 

7.00 

103 

4.00 

104 

3.50 

105 

2.00 

106 

1.00 

107 

3.00 

108 

0.50 

109 

0.50 

110 

7.00 

111 

3.00 

112 

3.00 

113 

3.50 

114 

7.50 

115 

2.50 

116 

3.50 

117 

0.00 

118 

1.50 

119 

9.50 

120 

4.00 

121 

2.00 

122 

1.00 

123 

2.00 

124 

1.00 

125 

1. 00 

126 

1.00 


127 

4.00 

128 

1.00 

129 

100 

130 

1.00 

131 

1.00 

132 

2.00 

133 

6.00 

134 

3.00 

135 

2.00 

136 

0.50 

137 

0.00 

138 

- 2.50 

'39 

2.00 

140 

2.50 

141 

5.00 

142 

5.00 

143 

0,50 

144 

1.00 

145 

1.00 

146 

1.00 

147 

3.50 

148 

0.50 

149 

0.00 

150 

- 1.00 

151 

0.00 

152 

1,00 

153 

2.00 

154 

3.00 

155 

1.50 

156 

1.00 

157 

8.00 

158 

15.00 

159 

0.00 

160 

2,00 

161 

4.00 

162 

3.00 

163 

1.00 

164 

1.00 

165 

- 1.00 

166 

4.00 

167 

2.00 

168 

1.50 

169 

3.00 

170 

2.00 

171 

1.00 

172 

1.00 

173 

1.50 

174 

3.00 

175 

3.50 

176 

5.00 

177 

2,00 

178 

9,00 

179 

3,00 

180 

5.00 

181 

5.00 

182 

12.00 

183 

5.00 

184 

2.50 

185 

2.00 

186 

2.00 

187 

6.00 

188 

6.00 

189 

2.00 


190 

2.50 

191 

6.50 

192 

2.00 

193 

2.00 

194 

2.50 

195 

5.00 

196 

1.50 

197 

3.00 

198 

5.50 

199 

3.00 

200 

4.50 

201 

4.00 

202 

8.50 

203 

4.00 

204 

5,00 

205 

3.00 

206 

2.50 

207 

6.50 

208 

7,50 

209 

6.00 

210 

9.00 

211 

1.50 

212 

1.50 

213 

2.50 

214 

1.50 

215 

1.00 

216 

2.00 

217 

4.00 

218 

5.00 

219 

2,00 

220 

2.00 

221 

5.00 

222 

2.00 

223 

1.00 

224 

0,00 

225 

2,50 

226 

2.00 

227 

6.00 

228 

4.00 

229 

- 0.50 

230 

- 1.00 

231 

- 8.00 

232 

- 2.00 

233 

3.00 

234 

0,00 

235 

- 10.00 

236 

- 2,00 

237 

- 1.00 

238 

1.00 

239 

2.50 

240 

1.50 

241 

2.00 

242 

0.00 

243 

0.50 

244 

4.00 

245 

3.00 

246 

10.00 

247 

3,00 

248 

1.50 

249 

11.00 

250 

3.00 

251 

4,00 

252 

4.00 
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1 

- 3.50 

2 

- 1.00 

3 

“ 4.00 

4 

“ 1.50 

5 

- 0.50 

6 

4.00 

7 

4.00 

8 

0.50 

9 

- 1.00 

10 

0.50 

II 

- 1.00 

12 

- 1.50 

13 

- 0.50 

14 

1.00 

15 

0.00 

16 

- 1.00 

17 

- 0.50 

18 

- 0.50 

19 

- 2.50 

20 

- 3.00 

21 

- 1.70 

22 

- 0.80 

23 

- 1.00 

24 

- 3.00 

25 

- 0.50 

26 

1.50 

27 

0.50 

28 

- 0.50 

29 

7.00 

30 

0.50 

31 

- 2.50 

32 

- 0.50 

33 

- 5.00 

34 

- 3.00 

35 

- 2.00 

36 

- 0.50 

37 

- 1.50 

38 

- 2.00 

39 

- 4.50 

40 

- 2.00 

41 

- 2.00 

42 

- 1.50 

43 

- 0.50 

44 

0.00 

45 

- 1.50 

46 

- 5.50 

47 

- 2.50 

48 

- 2,00 

49 

— 1.50 

50 

- 1.00 

51 

- 2.00 

52 

- 4.00 

53 

- 1.00 


Channel F 

Horizontal Changes AX 


54 

0.00 

106 

55 

- 3.00 

107 

56 

0.00 

108 

57 

0.00 

109 

58 

- 0,50 

110 

59 

- 2.00 

111 

60 

- 2.50 

112 

61 

- 2.00 

113 

62 

- 9.00 

114 

63 

- 0.50 

115 

64 

1.00 

116 

65 

400 

117 

66 

- 8.00 

118 

67 

-t.oo 

119 

68 

0.00 

120 

69 

1.00 

121 

70 

- 0.50 

122 

71 

- 1.50 

123 

72 

-1.00 

124 

73 

- 1,00 

125 

74 

- 3.00 

126 

75 

- 4.00 

127 

76 

2.00 

128 

77 

5.00 

129 

78 

3.00 

130 

79 

1.00 

131 

80 

2.50 

132 

81 

0.50 

133 

82 

- 0.50 

134 

83 

- 6.00 

135 

84 

0.50 

136 

85 

- 1,00 

137 

86 

- 2.00 

138 

87 

- 2.00 

139 

88 

- 5.50 

140 

89 

- 3.00 

141 

90 

- 6.00 

142 

91 

- 2.00 

143 

92 

- 7.00 

144 

93 

- 2.50 

145 

94 

- 4.00 

146 

95 

- 6.50 

147 

96 

- 0,50 

148 

97 

- 1.00 

149 

98 

- 3.00 

150 

99 

- 1.00 

151 

100 

0.00 

152 

101 

0.00 

153 

102 

- 2,00 

154 

103 

- 4,50 

155 

104 

- 2.00 

156 

105 

- 2.00 

157 


ORIGINAL S3 
OF POOR QUALITY 


- 5.00 

158 

- 1.00 

- 3.50 

159 

- 3.50 

- 1.50 

160 

- 1.00 

- 1.00 

161 

- 0.50 

-0 50 

162 

1. 00 

0,00 

163 

- 2.00 

- 3.00 

164 

1 .50 

- 3.50 

165 

1.00 

- 5.00 

166 

0,00 

- 2.00 

167 

- 2.00 

- 17.00 

168 

- 3.00 

- 2.00 

169 

2.00 

- 1.00 

170 

0.50 

- 0,50 

171 

0.00 

0,50 

172 

0.50 

1.50 

173 

0,00 

0.00 

174 

- 2,50 

- 2.00 

175 

- 0.50 

0.00 

176 

- 0.50 

1.00 

177 

- 0.50 

5.00 

178 

0.00 

2.00 

179 

1.00 

4,00 

180 

- 5.00 

- 5.50 

181 

- 2.00 

4.00 

182 

- 0.50 

1.00 

183 

- 0.50 

1.00 

184 

1.00 

6,00 

185 

- 2,50 

1.00 

186 

- 1.50 

0.00 

187 

- 1.50 

- 1.00 

188 

- 9.00 

- 1.50 

189 

- 7.00 

- 2.00 

190 

- 3.00 

- 2,50 

191 

- 2.00 

- 1,00 

192 

- 5.00 

- 0.50 

193 

- 3.00 

- 1.50 

194 

- 3.00 

- 2.50 

195 

- 2.00 

- 5.50 

196 

- 7.00 

- 1.00 

197 

- 1.00 

0.00 

198 

- 1.00 

- 1.00 

199 

- 4.00 

- 1.00 

200 

- 6.50 

0,00 

201 

- 8.50 

2.00 

202 

- 3.00 

1.00 

203 

- 5.00 

1.00 

204 

- 6.00 

1,50 

205 

- 3.00 

4.00 

206 

- 5.00 

1,00 

207 

- 3.00 

0,00 

208 

- 3.00 

- 1.00 

209 

- 4.50 
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Channel F 

Vertical Changes AZ 


i n * r •' 


1 

5.50 

54 

6.00 

1 

2,50 

55 

6.00 

3 

14.00 

56 

3.50 

4 

6.00 

57 

3.50 

5 

4.00 

58 

2.00 

6 

6.00 

59 

5.50 

7 

6.00 

60 

6,50 

8 

3.00 

61 

4,50 

9 

13.00 

62 

9.00 

10 

9.00 

63 

2.00 

11 

13.50 

64 

2.00 

12 

10.00 

65 

4.00 

13 

4.00 

66 

1.50 

14 

4.00 

67 

1.00 

15 

3.00 

68 

3.50 

16 

6.00 

69 

5.00 

17 

12.50 

70 

2.00 

18 

9.00 

71 

2.00 

19 

4.00 

72 

2.50 

20 

3.00 

73 

9.00 

21 

2.50 

74 

4.00 

22 

1.70 

75 

10.00 

23 

5.00 

76 

3,50 

24 

6.50 

77 

13.00 

25 

4.00 

78 

8,00 

26 

7.00 

79 

2.80 

27 

1,50 

80 

3.50 

28 

3.00 

81 

7.00 

29 

8.00 

82 

2.00 

30 

3.00 

83 

5.00 

31 

15,00 

84 

4.00 

32 

2.00 

85 

5.00 

33 

7.00 

86 

8.00 

34 

5.00 

87 

6.50 

35 

4.00 

88 

1.00 

36 

2.00 

89 

1.00 

37 

9.80 

90 

3.00 

38 

2.80 

91 

0.50 

39 

3.00 

92 

0,50 

40 

2.50 

93 

1,00 

41 

5.00 

94 

9.50 

42 

6.00 

95 

17.50 

43 

3.50 

96 

5.50 

44 

2.50 

97 

3.00 

45 

1,50 

98 

5.00 

46 

3,50 

99 

3.00 

47 

2.00 

100 

5.50 

48 

2.50 

101 

3.00 

49 

4.00 

102 

2,50 

50 

2.50 

103 

6,00 

51 

2,50 

104 

4.00 

52 

5.00 

105 

5.50 

53 

2.00 




106 

2.00 

158 

2.00 

107 

2.50 

159 

3.50 

108 

2.50 

160 

3.00 

109 

2.50 

161 

4.00 

110 

3.00 

162 

13.00 

111 

7.50 

163 

6.80 

112 

12.00 

164 

6,00 

113 

2.50 

165 

3,00 

114 

5.50 

166 

2.00 

115 

5.00 

167 

6.50 

116 

12.00 

168 

4.00 

117 

2.50 

169 

10.00 

118 

2.00 

170 

2.50 

119 

3.00 

171 

4.00 

120 

6.00 

172 

5.50 

121 

5.50 

173 

3,50 

122 

3.00 

174 

6.50 

123 

8.50 

175 

2.00 

124 

3.00 

176 

6.00 

125 

2.00 

177 

3.50 

126 

6.00 

178 

5.00 

127 

3.00 

179 

7,00 

128 

11.00 

180 

7.50 

129 

14.00 

181 

4,50 

130 

6.50 

182 

2.50 

131 

6,50 

183 

3.00 

132 

2,00 

184 

9.00 

133 

7.00 

185 

8.50 

134 

2.00 

186 

2.50 

135 

1.50 

187 

1.50 

136 

13.00 

188 

6.50 

137 

3.00 

189 

6.00 

138 

1.50 

190 

4,50 

139 

2.00 

191 

2,50 

140 

3.00 

192 

4.00 

141 

3.50 

193 

1.50 

142 

7.50 

194 

1.50 

143 

3.00 

195 

3.00 

144 

4.50 

196 

2.00 

145 

1.50 

197 

1.50 

146 

3.50 

198 

3.50 

147 

4.50 

199 

2.00 

148 

3.00 

200 

3.00 

149 

3,00 

201 

3.00 

150 

7,50 

202 

3.50 

151 

3,00 

203 

2.00 

152 

7.50 

204 

11.00 

153 

6.00 

205 

3,00 

154 

9.00 

206 

3,00 

155 

3.00 

207 

2.50 

156 

6.00 

208 

3,00 

157 

6.00 

209 

4.50 
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ORIGINAL PaGS 03 
OF POOR QUALITY 


Channel G 

Horizontal Changes AX 


I 

- 0,50 

53 

5.00 

2 

1.50 

54 

7.50 

3 

5.00 

55 

- 1.00 

4 

4.50 

56 

1.50 

5 

6.00 

57 

4.00 

6 

5.00 

58 

0.50 

7 

5.00 

59 

3.50 

8 

- 1.00 

60 

- 1.50 

9 

4,00 

61 

0.00 

10 

- 0.50 

62 

0.50 

11 

1.00 

63 

2.00 

12 

2,00 

64 

0.00 

13 

14.00 

65 

- 1.00 

14 

2.50 

66 

5.50 

13 

2.00 

67 

2.00 

16 

3.00 

68 

2.00 

17 

1.00 

69 

5.00 

18 

3.00 

70 

2.00 

19 

1.00 

71 

5.50 

20 

2.00 

72 

3.00 

21 

9.00 

73 

1.00 

22 

10.00 

74 

- 1 .00 

23 

4.50 

75 

2.00 

24 

0.00 

76 

2 50 

25 

0.50 

77 

2.00 

26 

- 0.50 

78 

3.00 

27 

1.00 

79 

5.50 

28 

2.00 

80 

2.00 

29 

2.00 

81 

3.00 

30 

1.00 

82 

3.00 

31 

1,50 

83 

3.00 

32 

- 0.50 

84 

2.00 

33 

- 2.00 

85 

- 1.00 

34 

- 1.00 

86 

6.00 

35 

5.00 

87 

0.50 

36 

0.50 

88 

- 1.50 

37 

1.50 

89 

- 3.50 

38 

2.00 

90 

- 1.50 

39 

3.00 

91 

- 2.00 

40 

4.00 

92 

- 1.50 

41 

6.00 

93 

- 1.50 

42 

2.50 

94 

- 1.00 

43 

2.00 

95 

- 1.50 

44 

5.50 

96 

- 3.50 

45 

1.50 

97 

- 1,00 

46 

1.00 

98 

- 2.00 

47 

- 3.00 

99 

- 1.00 

48 

- 1.00 

100 

0.00 

49 

- 0.50 

101 

1.50 

50 

0.50 

102 

3.00 

51 

1.00 

103 

3.50 

52 

3.50 

104 

- 1.00 


105 

- 3.00 

156 

- 0.50 

106 

- 4.50 

157 

4.00 

107 

- 2.00 

158 

0.00 

108 

- 1.00 

159 

- 0.50 

109 

- 1.00 

160 

" 2.50 

110 

- 2.00 

161 

0.00 

111 

- 2.00 

162 

0.00 

112 

- 5.00 

163 

2.00 

113 

- 2.00 

164 

1.00 

114 

- 2.00 

165 

2.00 

115 

0.50 

166 

7.00 

116 

6.00 

167 

- 0.50 

117 

- 4.00 

168 

0.00 

118 

- 1.00 

169 

- 4.00 

119 

- 2.00 

170 

0.00 

120 

0.00 

171 

- 1.00 

121 

0.50 

172 

1.00 

122 

0.00 

173 

0.50 

123 

- 1.00 

174 

2.00 

124 

- 4.00 

175 

9.00 

125 

- 2.00 

176 

- 2.50 

126 

- 1.00 

177 

0.50 

127 

- 0.50 

178 

7.00 

128 

- 4.00 

179 

1.50 

129 

- 2.50 

180 

5.00 

130 

- 2.00 

181 

- 0.50 

131 

- 0.50 

182 

- 1.50 

132 

- 0.50 

183 

3.00 

133 

1.00 

184 

9.00 

134 

2.00 

185 

0.50 

135 

1,00 

186 

1.00 

136 

- 0,50 

187 

2.50 

137 

- 1,00 

188 

2,00 

138 

- 2.00 

189 

2.50 

139 

- 2.50 

190 

4.50 

140 

- 6.00 

191 

i ^ 

141 

- 7.00 

192 

2.50 

142 

- 5.00 

193 

2.00 

143 

- 1.00 

194 

2.00 

144 

- 0.50 

195 

1.00 

145 

0.50 

196 

0.00 

146 

2.00 

197 

1. 00 

147 

1.00 

198 

3.00 

148 

2.00 

199 

13.00 

149 

2.00 

200 

5.00 

150 

3.00 

201 

3.00 

151 

2.00 

202 

2.00 

152 

1.00 

203 

1.50 

153 

4.00 

204 

2,50 

154 

0,50 

205 

4.00 

155 

- 1.00 

206 

2.50 
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igaV 


OF POOR 


!A- 


Channel G 

Vertical Changes AZ 


1 

5.00 

53 

5.00 

2 

10.50 

54 

16.00 

3 

6.00 

55 

6.00 

4 

8.00 

56 

4.50 

5 

9 50 

57 

4.00 

6 

9.50 

58 

10.00 

7 

12.00 

59 

7.50 

8 

4.00 

60 

8.50 

9 

4.50 

61 

5.00 

10 

7.50 

62 

2.50 

11 

5.00 

63 

2.50 

12 

3.00 

64 

2.00 

13 

15.00 

65 

8.00 

14 

2.50 

66 

6.50 

15 

1.00 

67 

9.00 

16 

1. 00 

68 

4.00 

17 

3.00 

69 

4.50 

18 

3.00 

70 

3.50 

19 

5.00 

71 

8.50 

20 

4.00 

72 

8.00 

21 

9,00 

73 

8.50 

22 

8.50 

74 

4.00 

23 

1.50 

75 

11.00 

24 

6.00 

76 

6.50 

25 

3.00 

77 

2.90 

26 

3.00 

78 

3.00 

27 

4.00 

79 

15.50 

28 

3.50 

80 

5.00 

29 

5.00 

81 

3.00 

30 

6.00 

82 

3.00 

31 

13.50 

83 

3.50 

32 

4.50 

84 

3.50 

33 

2.50 

85 

7.00 

34 

4.00 

86 

10.00 

35 

9.00 

87 

3.50 

36 

5.50 

88 

5.00 

37 

5.00 

89 

4.00 

38 

4.00 

90 

4.50 

39 

4.50 

91 

4.50 

40 

4.00 

92 

3.00 

41 

3.00 

93 

7.50 

42 

11.00 

94 

3.50 

43 

3.00 

95 

3.50 

44 

4.00 

96 

6.50 

45 

2.50 

97 

1.00 

46 

5.00 

98 

1.00 

47 

6.00 

99 

3.00 

48 

2.00 

100 

3.50 

49 

5.50 

101 

3.50 

50 

2.50 

102 

4.00 

51 

3.00 

103 

5.50 

52 

4.50 

104 

1 50 


105 

1.00 

156 

4.00 

106 

0.00 

157 

11.00 

107 

0.50 

158 

3.00 

108 

1.00 

159 

3,00 

109 

5.00 

160 

6.00 

110 

5.00 

161 

3.00 

111 

8.50 

162 

1.50 

112 

3.00 

163 

5.00 

113 

2.00 

164 

3.00 

114 

2.50 

165 

2.00 

115 

3.00 

166 

7.00 

116 

11.50 

167 

2.00 

117 

8.00 

168 

2.50 

118 

3.50 

169 

5.50 

119 

12.00 

170 

5.50 

120 

6.50 

171 

6.00 

121 

8.00 

172 

4.50 

122 

5.00 

173 

4.50 

123 

4.00 

174 

5.00 

124 

9.00 

175 

11.00 

125 

3.00 

176 

6.00 

126 

3.50 

177 

3.00 

127 

6.00 

178 

5.50 

128 

5.50 

179 

1.50 

129 

6.50 

180 

12.00 

130 

3.50 

181 

4.00 

131 

4.00 

182 

8.00 

132 

3.50 

183 

10.00 

133 

3.50 

184 

9.00 

134 

5.50 

185 

10.00 

135 

3.00 

186 

5.00 

136 

2.50 

187 

4.00 

137 

2.50 

188 

2.50 

138 

2.00 

189 

2.50 

139 

1.00 

190 

2.00 

140 

2.00 

191 

- 0.50 

141 

10.00 

192 

0.50 

142 

6.00 

193 

1.00 

143 

2.00 

194 

4.00 

144 

4.50 

195 

3.50 

145 

2.00 

196 

4.50 

146 

6.50 

197 

5.00 

147 

7.00 

198 

10.00 

148 

4.00 

199 

8.00 

149 

9.00 

200 

- 1.00 

150 

5.50 

201 

- 0.50 

151 

3.00 

202 

1.00 

152 

2.00 

203 

2,50 

153 

3.00 

204 

1.50 

154 

2.00 

205 

- 2.00 

155 

5.00 

206 

- 0,50 
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Channel H 

Horizontal Changes AX 


1 

2 

3 

4 
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APPENDIX C 


HISTOGRAMS FOR THE INDIVIDUAL CHANNELS 

Histograms are presented in this appendix for the difference in cartesian coordinates between the 
ends of the linear segments used to obtain the piecewise linear fit to the channel. The scale on the 
abscissa in each figure is in relative units, Distance in meters is obtained by multiplying by a scale 
factor which is determined by the channel length as explained in the text. This scale factor is 
approximately 2.0 for this data. Two histograms are presented for each channel: one for the change 
in horizontal coordinate AX and one for the change in vertical coordinate AZ. The channels 
themselves are shown in Figures 1-4 and also in appendix A. 
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HORIZONTAL CHANGES (AX) 

Figure Cl. Changes in the horizontal coordinate for channel A. 
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Figure C2. Changes in the the vertical coordinate for channel A. 
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Figure C5- Changes in the horizontal coordinate for channel C. 
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Figure C8. Changes in the vertical coordinate for channel D 
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Figure C9. Chang. 
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Figure CIO. Changes in the vertical coordinate for channel 
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HORIZONTAL CHANGES (AX) 

Figure Cl 1. Changes in the horizontal coordinate for channel F. 



S30N3dan030 30 U3aiAinN 


61 


Figure C12. Changes in the vertical coordinate for channel F 
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Figure C14. Changes in the 
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Figure C15. Changes in the horizontal coordinate for channel H. 
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